103(a) as being unpatentable over Tsuii et al./Takagi et al. , in view of Motoda et al. (U.S. 
Patent No. 5,737,350). 

First, Applicant wishes to thank the Examiner for the courtesy of an interview granted 
to Applicant's representative on August 12, 2002, at which time the outstanding issues in this 
case were discussed. Arguments similar to the ones developed hereinafter were presented 
and the Examiner indicated that he would reconsider the outstanding grounds for rejection 
upon formal submission of a response. 

In response to the rejection of Claims 1-4, 7, 8, 10, 11, 13-18, 20 and 21 under 35 
U.S.C. §103(a), Applicants respectfully request reconsideration of these rejections and 
traverse the rejections as discussed next. 

Briefly recapitulating, Applicant's invention relates to a light-receiving device which 
converts an incident light into an electric current with quantum-wave interference layer units 
having plural periods of a pair of a first layer and a second layer. The second layer has a 
wider band gap than said first layer. A carrier accumulation layer is disposed between 
adjacent two of the quantum-wave interference layer units. Each thickness of the first and the 
second layers is determined by multiplying by an even number one fourth of quantum-wave 
wavelength of carriers in each of the first and the second layers and the carrier accumulation 
layer has a band gap narrower than that of the second layer. In other words, the thicknesses 
are multiples of A/2. 

Turning now to the applied prior art, the Takagi et al. publication discloses a structure 
wherein the thicknesses of the layers are determined by multiplying A/4 by an odd number. 
In other words, the thicknesses are multiples of A/4. The Takagi et al. publication fails to 
teach or suggest a structure with layers having thicknesses that are multiples of A/2, as 
claimed by Applicant. 
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The outstanding Office Action takes the position that the voltage of the Takagi et al. 
device can be adjusted to change the wavelength X and obtain a structure with layers having 
thicknesses that are multiples of A/2. 1 Applicant strongly disagrees with this position, as 
discussed next with Attachments Xl-2 and A-E. Attachment XI shows a structure with 
barrier and well layers having thicknesses D B and D w equal to X D (Eo)/4 and A- w (Eo)/4 
respectively at an energy En. As suggested by the Office Action, at some other energy Ei, the 
carriers in the barrier layers can have a wavelength X B (Ei) such that D B = ^b(Ei)/2. The 
question now is: what is the wavelength W(Ei) of the carriers in the well layers as a function 
of D w ? The Office Action suggests that D w = Xw(Ei)/2. As shown by Equations (1)-(17) of 
Attachment X2, however, D w = V* Aw(Ei) [(4Eo + V) / (En + V)] 1/2 . In other words, D w is 
never equal to Xw(Ei)/2, except when V = 0, which is outside the scope of the claims. The 
above conclusion can be reached by other means, as discussed next with the help of 
Attachments A-E. 

The outstanding Office Action appears to consider that the wavelength of electrons in 
a barrier layer is equivalent to the wavelength of electrons in a well layer. For example, at 
page 7, line 15, the outstanding Office Action states that ">. B = W" This position is 
incorrect. For a given energy E, one has Xb = h/(2mBE) 1/2 and A,w = h/(2mwE + V) 1/2 . 
Because m B £ m w and V £ 0, it follows that 7i B ^ ^w- 

As noted above, if one starts with a structure wherein the D B = X&/4 and D w = Aw/4, 
and then adjusts the voltage so that D B = A B /2, as suggested by the outstanding Office Action, 
the thickness for the well layer (Dw) wiZZ not be equal to a multiple of Xy//2. Similarly, if the 
voltage is adjusted so that D w = ^w/2, the thickness for the barrier layer (D B ) will not be 
equal to a multiple of X B /2. As explained in detail below with Attachments A-E, the only 

1 See outstanding Office Action, from page 3, last 5 lines to page 4, line 1. 
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structure that satisfies D B = W4 and D w = Xw/4 at one voltage and satisfies Db = X B /2 and 
D w = A.w/2 at another voltage is a structure where V = 0. Such a structure, or course, is 
outside the scope of the claims, which recite that one layer has a band gap wider than the 
other. 

In the figures prepared by the Examiner and attached to the previous Office Action, 
the wave represented by "A." does not show a constant wavelength. In the Examiner's 
figures, the thickness of the W layer is obviously different from that of the B layer. The wave 
shown in the Examiner's figure changes its phase by 90 degrees in the W layer and then also 
changes its phase by 90 degrees in B layer. In the Examiner's figures, l A of wavelength Xb in 
the B layer and X A of wavelength X w in the W layer are shown. That is, equations "Xb / 4 = 
D B " and "X w /4 = D w " are established in the Examiner's figure. Also "D B ^ D w " is 
established. Accordingly, "X B # W must be established in the Examiner's figure. If "X B ^ 
A, w ," the wave shown in the figure is not a sine wave. Because the wave is not a sine wave, a 
constant wavelength X cannot be defined. Because "X B ^ Xw," X cannot be defined by X B and 
X w . In the equations (1) and (2) in the previously filed Attachment 1 A, the relationship 
between X and X' is not clear. In that respect, Applicant does not understand what is meant 
by "X' = XIT from the Examiner's figures. "X"' cannot be determined to be "A/2" while "X" 
is not defined. 

The Examiner's wave is better shown by drawing an extremely thin B layer and an 
extremely thick W layer, as shown in Attachment A. From Attachment A, it becomes clear 
that "X' = XIT" has no meaning. That is, there is no wave having a constant wavelength in the 
multiple units of a well layer and a barrier layer. 

With respect to the outstanding Office Action statements made at page 7, lines 8-13, 
Applicant's position is that the thickness of a barrier layer is constant: D B . In other words, 



the thickness for El is D B , which can be obtained from the formula (2) and determined by X B . 
Applicant agrees with the outstanding Office Action at page 7, lines 13-17 that D B and Dw 
are determined by the equations (2) and (1), respectively. Applicant further agrees that Db 
and D w do not vary. 

With respect to the equations in the previously filed Attachment 1 A, Db and Dw are 
obtained by substituting the value of Eo for the equations (1) and (2). So, in the following 
equations starting from the equation (2-1), D w , D B , A, w , and X B are fixed values. That is, 
thicknesses of a well layer and a barrier layer when reflection occurs, D B and Dw, can be 
obtained. 

Next, the Examiner shows a wave represented by X in energy E and a wave 
represented by X' in energy E' in the Examiner's figures. X B /4 and Xw/4 make Vi period of the 
wave X, and X' B /2 and X'w/2 make 1 period of the wave X\ 

As noted above, Applicant agrees with the Examiner that Xw and Xb can be obtained 
from the equations (2) and (1) in the previously filed Attachment 1A. In short, Xw and Xb can 
be obtained by substituting E for Eo in the equations (2) and (1). So Applicant believes the 
Examiner also agrees that Xw' and Xb' can be obtained by substituting E' for Eo in the 
equations (2) and (1). 

The point is A,w and X B , obtained by the equations (2) and (1) by substituting E, and 
A,'w and X' B , obtained by the equations (2) and (1) by substituting E\ cannot satisfy the 
formulas X B * - X B /2 and W = A,w/2. 

Attachment B provides a more detailed explanation of this point. The wavelength 
conditions shown in the Examiner's figures are satisfied only when the equation (18) in the 
attached paper B is established. As obvious from the equations (1 1) and (12), the equation 
(18) is established only when V=0. In short, the wavelength conditions the Examiner 
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suggests are established only when a well layer and a barrier layer are made by the equivalent 
materials and m w = ni B . Then, A, w = is also satisfied. 

Accordingly, a wave with a phase synchronized in the well layer and the barrier layer 
is not formed at multiple energies. 

Attachment C helps to comprehend previously filed Attachment 1 A and IB more 
clearly. Equations (1) and (2) in attachment C are the same equations previously used in 
previous Office Actions. In equation (2-1) of attachment C, the energy having a wavelength 
Wm in a barrier layer is merely replaced with Ei. Similarly, in equation (1-1), the energy 
having a wavelength X,w/m in a barrier layer is merely replaced with E2. 

Equations (4) through (8) are self-explanatory. Equation (8) shows that a common 
energy, which makes the wavelength X w and A, B of a well layer and a barrier layer at energy 
Eo to be its 1/m multiple, does not exist. Accordingly, the energy which satisfies A,b' = W2 
and A,w' = A, w /2 as shown in the Examiner's figures never exists. Attachment C generalizes 
and explains that point. 

As shown in Attachments D and E, in-phase wave is generated in the thicknesses of a 
well layer and a barrier layer only at one energy: Eo. 

In view of the above, the cited prior art fails to teach or suggest every feature recited 
in Applicant's claims, so that Claims 1-31 are believed to be patentably distinguishable over 
the cited prior art. Accordingly, Applicant respectfully traverses, and requests 
reconsideration of, the rejections based on the Takagi et al. publication. 2 



See MPEP 2131: M A claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described, in a single prior art reference," (Citations omitted) (emphasis 
added). See also MPEP 2143.03: "All words in a claim must be considered in judging the patentability of that 
claim against the prior art." 



Consequently, in view of the present amendment, no further issues are believed to be 
outstanding in the present application, and the present application is believed to be in 
condition for formal Allowance. A Notice of Allowance for Claims 1-31 is earnestly 
solicited. 

Should the Examiner deem that any further action is necessary to place this 

application in even better form for allowance, the Examiner is encouraged to contact 

Applicant's undersigned representative at the below listed telephone number. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




22850 

Tel. (703)413-3000 
Fax (703)413-2220 
GJM/PJCS/rtr 

I:\ATTY\PJCS\9438.PJCS\94380014\94380014.AM2.DOC 



Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Philippe J. C. Signore, Ph.D. 
Registration No. 43,922 
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Aw and A B are decided by E 

A W = _==L_= =- -(11) 
72 mw (E +V) 

As= . * -(12) 
j2m B E 

Aw' and A B ' are decided by E' 

Aw' = h -(13) 

J2m„ (E' +V) 



A B ' = , , _. -(14) 



_h_ 
V2m B E' 

We get Eq. (15) eliminating E from Eqs. (11) and (12). 



V= ( ) -(15) 

2 mwAw hibAb 

We get Eq. (16) eliminating E from Eqs. (13) and (14). 

V- ( -i-^ - -J— r-) -(18) 

2 mw Aw 2 niB A b 1 

from Eqs. (15) and (16) 

1111 



(17) 



ntwAw 2 itibAb 2 mwAw' 2 itibAb' 2 

If Ab* = Ab/2, Aw' = Aw/ 2 as shown in the examiner's drowing, we get 
the fol lowing Eq. 

_Ab_ U ...(18) 
Aw / niB 
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Aw and A B are decided by Eo 

Aw = , ••• ( 1 ) 

72m w (Eo +V) 

J 2 mB E o 

E] which is corresponding to is obtained as follows. 

m 



(2-1) 



m J 2 ma E i 

Here m is integer ^2. 
from Eq. ( 2 - 1 ) . 

E , = : - ( 3 ) 

2 mB A b 

/L w 

Ez which is corresponding to is obtained as follows. 



Aw h 



m 

- ( 1 - 1 ) 



m J 2m w (Ei +V) 
from Eq. ( 1 — 1 ) . 

h 2 m z 

E 2 = V - ( 4 ) 

2 mw Aw 

We get Eq. ( 5 ) eliminating Eo from Eqs. ( 1 ) and ( 2 ) . 

V= ( ) ••• ( 5 ) 

2 ITLwAw* ITLbAb 

Accordingly Eq. ( 6 ) is obtained from Eqs. (4), (3), (5). 

h 2 (m z -l) , 1 1 , fR . 
E 2 -E,= ( — 2 2 ) -(6) 

L mw Aw ITIb A b 

Substituting ( ) of Eq. 5 into Eq. (6) , we get 

mwAw m b A b 

Eq. (7) 

E 2 -E,= (m 2 - 1 ) V - ( 7) 

As a result, 

E 2 *Ei. - (8) 
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